This study investigates the short-run dynamics and long-run equilibrium relationship between residential electricity demand and factors influencing demand -per capita income, price of electricity, price of kerosene oil and price of liquefied petroleum gasusing annual data for Sri Lanka for the period, 1960-2007. The study uses unit root, cointegration and error correction models. The long-run demand elasticities of income, own price and price of kerosene oil (substitute) were estimated to be 0.78, -0.62, and 0.14 respectively. The short-run elasticities for the same variables were estimated to be 0.32, -0.16 and 0.10 respectively. Liquefied petroleum (LP) gas is a substitute for electricity only in the short-run with an elasticity of 0.09. The main findings of the paper support the following (1) increasing the price of electricity is not the most effective tool to reduce electricity consumption (2) existing subsidies on electricity consumption can be removed without reducing government revenue (3) the long-run income elasticity of demand shows that any future increase in household incomes is likely to significantly increase the demand for electricity (4) any power generation plans which consider only current per capita consumption and population growth should be revised taking into account the potential future income increases in order to avoid power shortages in the country. JEL Classifications: Q40;Q41; Q48; Q50; Q56
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This study investigates the short-run dynamics and long-run equilibrium relationship between residential electricity demand and factors influencing demand -per capita income, price of electricity, price of kerosene oil and price of liquefied petroleum gasusing annual data for Sri Lanka for the period, 1960-2007 . The study uses unit root, cointegration and error correction models. The long-run demand elasticities of income, own price and price of kerosene oil (substitute) were estimated to be 0.78, -0.62, and 0.14 respectively. The short-run elasticities for the same variables were estimated to be 0.32, -0.16 and 0.10 respectively. Liquefied petroleum (LP) gas is a substitute for electricity only in the short-run with an elasticity of 0.09. The main findings of the paper support the following (1) increasing the price of electricity is not the most effective tool to reduce electricity consumption (2) existing subsidies on electricity consumption can be removed without reducing government revenue (3) the long-run income elasticity of demand shows that any future increase in household incomes is likely to significantly increase the demand for electricity (4) any power generation plans which consider only current per capita consumption and population growth should be revised taking into account the potential future income increases in order to avoid power shortages in the country.
Introduction
Sri Lanka has been experiencing periodic power shortages for the last four decades and the problem is likely to worsen if no remedial action is taken. The main problem has been the inability to forecast the rapid growth in demand for electricity by households and industry alike.
Hence, there is a shortage in electricity generating capacity in the country. The extent of power shortages has become acute in recent years due to rapidly increasing demand. The annual demand for electricity, for instance, has grown at a rate of approximately nine percent during the period, 1978-2008 . It is estimated that the demand for electricity will grow at an annual rate of 8%-10% in the next few years 1 or even more now since the civil war in the country has ended.
Past experience shows that the average demand growth rates for electricity have exceeded the average real GDP growth rates. The growth in electricity consumption in the household sector has been mainly due to increased use of electrical appliances. However, despite the increasing demand for electricity, supply has not kept pace. Supply failure includes the delay in implementing the long-term power generation expansion plans of the Ceylon Electricity Board (Amarawickrama and Hunt, 2005) . As a result, generating electricity to meet the ever increasing demand is one of the major challenges facing Sri Lankan policy decision-makers (cf. Ceylon Electricity Board, 2005) .
One of the main reasons for periodic power shortages, which are common to most developing countries, is inadequate 'future demand' planning and cost-cutting exercises undertaken by government authorities. Effective electricity planning requires a thorough understanding of the prevailing electricity demand patterns, constraints and future challenges (Pillai, 2001; Hondroyiannis, 2004) . The major difficulty in modeling 'future' demand arises due to the high variability in the electricity market. Hence, this uncertainly sends wrong signals to electricity generators and suppliers. This problem is even more critical in the case of constrained electricity systems where supply, to a large extent is rationed and the actual demand for electricity is in most cases, an unknown parameter (Madlener, 1996; Holtedahl and Joutz, 2000) . Variations in demand in tropical countries such as Sri Lanka are largely influenced by socio-economic factors and not by the vagaries of nature (e.g. seasons). Therefore, it is important to develop models that capture factors influencing demand for electricity at present and in the future (cf. Wade, 1980; Madlener, 1996; Kokklenberg and Mount, 1993; Reiss and White, 2005) . Therefore, in order to formulate realistic policies, it is necessary to be guided by realistic models which show how consumers respond to price and income changes and other relevant behavioral factors. It is also important to analyze separately the short-run and the longrun impact of income and price elasticities of demand and substitution effects for electricity consumption.
The existing econometric literature dealing with residential demand for electricity is mainly on identifying the relationship between short and the long-run price and income changes and the demand for electricity (cf. Silk and Joutz 1997; Filippini, 1998; Halvorsen and Larsen, 2001) . Most of these studies (Donatos and Mergos, 1991; Silk and Joutz 1997; Reiss and White, 2005) use time series or panel data in developed countries where the electricity market is well developed. Previous statistical analyses of the demand for electricity in developing countries, including Sri Lanka, are extremely limited. Morimoto and Hope (2004) investigate the causal relationship between electricity supply and GDP using the Granger causality analysis for the period, 1960-1998. They conclude that changes in electricity supply have a significant impact on real GDP in Sri Lanka. Therefore, the conclusion is that every MWh increase in electricity supply will contribute to an extra production output worth approximately US$ 1120-1740.
Amarawickrama and Hunt (2008) also estimate electricity demand functions for Sri Lanka using six econometric techniques. The results show that long-run price and income elasticities are spread widely. For instance, the long-run income elasticities range from 1.0 to 2.0 and the longrun price elasticity from 0 to −0.06. A more recent study by Athukorala et al. (2009) show that price and income elasticities are between -0.58 and 0.43 in short-run and between 0.75 and 0.15 in long-run respectively. However, none of these studies adequately analyse the substitution effects as well as the long-run causality impacts of the relevant variables in question.
A few studies (cf. Uri, 1979; Bose and Shukla, 1999; Christian and Michael, 2000; Xiaohua and Zhenmin, 2001; Filippini and Pachauri, 2002; Lin, 2003) have estimated the demand for electricity in developing countries. The findings of these studies cannot be applied to Sri Lanka given the differences in social and economic circumstances. Moreover, most of these studies do not consider the substitution effects of the demand function. At present, the Ceylon Electricity Board (CEB), the main generator and supplier of electricity in Sri Lanka forecast the future demand for electricity in the country based on observed behavior of past electricity demand and anticipated population growth 2 . Therefore, the unavailability of a clear forecasting model for demand management in this sector is one of the major reasons for periodic power shortages often faced by Sri Lanka.
Hence, this situation necessitates the introduction of alternative techniques that can predict future electricity demands more accurately using relevant variables. This study attempts particularly to fulfill this need by specifically considering the residential sector that consumes approximately 40% of total electricity produced in the country. The study uses cointegration and error correction models developed by Engle and Granger (1987) to minimize errors in forecasting future electricity demand in Sri Lanka.
Literature review
A number of studies have been undertaken to address various aspects of electricity demand and its determinants (cf. Burney, 1995; Filippini, 1998; Lariviere and Lafrance, 1999; Xiaohua and Zhenmin, 2001; Jumbe, 2004; Kamerschen and Porter, 2004; Reiss and White, 2005) . The overall findings of these studies are that there is a strong relationship between electricity consumption and economic growth (income) in the country. Prior to these, several studies have been conducted which estimate the demand for electricity (cf. Houthakker (1951) ; Fisher and Kaysen (1962) ; Wilson (1971) ; Houthakker et al. (1974) ; Griffin (1974); Taylor (1975) ; Halvorsen (1975) ; Wade (1980) and Bohi (1984) . These studies have modeled the residential demand for electricity by considering stocks of appliances, their utilization rates, changes in equipment stock and nonlinear pricing. Houthakker (1951) was one of the pioneers to examine the determinants of electricity demand in more detail. His focus was on residential electricity consumption in the United Kingdom using cross-sectional observations on 42 provincial towns. He employed a double-logarithmic model and the results showed that income elasticity was 1.17, price elasticity was -0.89, and that cross elasticity of demand with respect to the marginal price of LP gas was 0.21. Fisher and Keysen (1962) suggested a two-stage model where consumption in the shortrun (first stage) depends on two components, namely income and the price of electricity. They employed utilization rates of appliance stocks as an important variable in their model estimation.
They attempted to explain the factors influencing capital stock in the long-run. The authors concluded that non-economic variables are the primary determinants of residential electricity demand, and that price has a lesser impact on long-term demand. Wilson (1971) analyzed residential demand for electricity as well as the residential demand for six different categories of household appliances. The results showed substantial negative price and income elasticities. Houthakker et al. (1974) was one of the first to examine short-run price elasticities of demand for electricity demand in detail. They estimated residential electricity demand using pooled time series annual data for the period, 1960-1971 using data from various states in the US. Griffin (1974) used an econometric model of the electric utility industry to simulate the effects of higher fuel prices on electricity demand. The study demonstrated that given projected fuel input prices, the short-and long-run impacts on electricity demand are likely to be small. Donatos and Mergos (1991) ; Burney (1995) ; Silk and Joutz (1997) ; Filippini (1998);
Lariviere and Lafrance (1999) Burney (1995) also analysed the relationship between electricity consumption and socioeconomic variables using OLS and random coefficient (RC) methods. According to him while there is a positive relationship between electricity consumption and socio-economic development, electricity consumption is found to be inelastic with respect to changes in other socio-economic variables. Silk and Joutz (1997) estimated an error-correction model of annual US residential electricity demand for the period 1949-1993. They found that the long-run income elasticity is close to 0.5 and that the long run price elasticity was -0.25. Filippini (1998) estimated the residential demand for electricity using aggregate data at city level for 40 Swiss cities over the period [1987] [1988] [1989] [1990] . The study showed that increasing price does not significantly discourage residential electricity consumption. The price elasticity of demand was -0.3.
According to Holtedahl and Joutz (2000) , residential electricity demand can be expressed in general as a function of two components namely, the stock of electrical energy using equipment and economic factors. These two components can have independent and interdependent impacts on electricity demand. The capital stock of energy using equipment can be broken down to two types. They are demand for daily energy services such as lighting, refrigeration, and entertainment and demand for heating and cooling services. As far as the Sri
Lankan residential electricity demand is concerned, demand for heating services is negligible.
However, these authors conclude that the short-run income and price elasticities are smaller than the long-run elasticities. The results are consistent with economic theory. Filippini and Pachauri (2002) have estimated price and income elasticities of electricity in the household sector in India using disaggregated survey data for over thirty thousand households. The results show that electricity demand is income and price inelastic for all three seasons. Furthermore, they concluded that demographic and geographical variables are important in determining electricity demand in India. Lin (2003) has also used a macroeconomic approach to develop a long-run electricity demand model in order to analyze the main factors affecting electricity demand in the Peoples Republic of China (PRC). The results show that, the relationship among the relevant variables was more stable, responsive to market forces and significant after the country's economic reforms in 1978.
According to the review of the most relevant literature to this paper, it was found that there was no consensus regarding the magnitude of price and income elasticities of demand for electricity. On the other hand, some authors have concluded that non-economic variables are the primary determinants of residential electricity demand and that price and income have less of an impact on long-term demand. However, most of the estimates of price elasticity lie within a wide range between -1.6 to -0.2. Haas and Schipper (1998) pointed out that there are different elasticities when prices are falling and when they are rising. They found that during periods of falling prices, residential demand for electricity is less elastic than when prices are rising. The lack of converging elasticities across countries and time indicate the need to estimate the demand function for various countries at different times for the purpose of practical policy decision-making. This is more important when considering analyses in developing countries where subsidized electricity markets have been functioning for a long period without any significant reforms in the sector. Since the beginning of 1990s, cointergration analysis has become the standard component of all studies using time series data. However, there are no studies that capture the dynamic properties of the residential electricity demand in developing countries. Although several studies model these dynamic properties to elicit both the short and long-run effects of price changes, they are based on either cross-sectional household data (cf. Wilder et al. 1992; Bernard et al. 1996, Halvorsen and Larsen, 2001) or they use time series data for developed countries. Hence, is a real need to understand the long-run and the short-run impacts of price, income and substitution effects on electricity demand in developing countries.
This study attempts to cover this gap in the literature by estimating residential demand for electricity in Sri Lanka.
Methods and data
Sri Lanka is not often susceptible to vagaries of weather or seasons. Kerosene oil and LP gas prices, which are the primary substitutes for electricity in the residential sector are sourced from Ceylon Petroleum Corporation published data. We use LP gas data from 1978, the year in which this commodity was introduced to households in Sri Lanka for cooking purposes under the open-market economic reforms.
We use cointegration and error correction models developed by Engle and Granger (1987) to capture the long-run as well as the short-run relationships among the relevant variables. This approach attempts to characterize the properties of the sample data in simple parametric relationships, which remain reasonably constant over time (Enders and Granger, 1998) . The first step of the estimation process is to examine the time series properties of the data series. The patterns and trends in the data were examined and tested for stationarity and the order of integration. For this purpose, we employed the Augmented Dickey-Fuller (ADF) tests.
Here the null hypothesis is that  = 0, that is, there is a unit root. We use the following equation with lagged difference terms: As an alternative test we employed the Phillips-Perron unit root tests. In these tests, the decision to include the intercept and/or trend terms depend on the nature of the data (Dickey and Fuller 1979) . For example, if the variable has a zero mean (as in the case of the error term), there is no need to include either a constant or a trend. Otherwise, it is appropriate to include a constant term and a trend to capture any drift and/or trend in the data (Greene, 2000) . In this 3 In Sri Lanka CEB sets the price based on an increasing block rate system. In this study average price of electricity was calculated by using weighted averages. As a weight we used the number of customers in each group [e.g. assumes two block rates such as P1 and P2 and no fixed costs (P1<P2)]. The number of customers in the first block and second block ranges are N1 and N2 respectively. The average price is then (P1 * N1 + P2 * N2)/(N1 + N2). Thus, the average price of electricity was calculated by weighting the number of customers in each group. study we include only the constant since it provides more robust results. The second step in our method involves testing the cointegration rank. We form a Vector Autoregressive Regression (VAR) system. This step involves testing for the appropriate lag length of the system which includes conducting residual diagnostic tests. The approach is based on the following n-lag vector autoregressive (VAR) model:
where X t is a non-stationary vector (p х 1) with I(1) variables, ø is a vector of constant terms (p х 1), π 1 , …. π k , are coefficient matrices (p х p) and U t is the vector of error terms (p х 1).
We specify the VAR as a four-variable system with a maximum of two lags. ∑ i = r+1 ……..k and λ max (r,r+1) = -T ∑ ln ( 1-λ i+1 ) where λi is the estimated values of the characteristic roots obtained from the estimated Π matrix, r is the number of cointegrating vectors, and T is the number of observations. This allows for the test of H(r): the rank of  cointegrating vector is r, against the alternative that the rank of  is k. adjustments to disequilibrium are captured over n lagged periods in the coefficient matrix i Γ  .
This part of the Error Correction Model (ECM) represents a traditional vector autoregression of the differenced variables. The ∆X t-1 term represents the long-run equilibrium or cointegrating relationships. The coefficient matrix can be decomposed into a β' matrix. This cointegrating relationship represents the foundation of a complete dynamic error correction model. For this analysis, the ECM and the cointegrating relationship allow us to compare the immediate and overall effects. The model will then show how fast the adjustments occur.
Next we interpret the cointegrating relations and test for weak exogeneity. Based on these results a vector error correction model (VECM) of the endogenous variables is specified and tests of linear hypotheses on β are conducted using 2 χ distribution.
Results and discussion
In this section we provide estimates of short and long-run electricity demand estimates for a sample of Sri Lankan annual data covering the period, 1960-2007. By focusing on such a long period of time, we are able to estimate the long-run equilibrium relationship as well as test to see whether there are structural breaks in electricity demand associated with changes brought about by economic liberalization in 1978. Table 1 provides descriptive statistics of the data set used for this study. However, it is important to be aware of the problem of spurious regressions. This is because both the time series variables involve exhibiting upward or downward movements. The observed high R 2 could be due to the presence of the 'trend' and may not be due to a real relationship between the two variables (cf. Gujarati, 1995; Enders, 2004; Murray, 2006) . It is, therefore, important to examine whether the relationship between two economic variables is true or spurious. Since these graphs also provide a clear picture regarding non-stationary, the relationship was formally tested using the Augmented Dickey-Fuller (ADF) and Phillips-Perron unit root tests for a unit root. The ADF and Phillips-Perron unit root test results are shown in Table 2 . 95% critical values are -2.926 and -2.925 for ADF and PP tests respectively for all variables except for price of LP gas (GP). The critical value for price of LP gas is -2.967. The small difference is because the number of data points differs. The SIC-based optimum lag lengths are in parentheses. All variables are in natural log form. The asterisk (*) denotes the significant variables under 1% level of significance.
The results of both ADF and Phillips-Perron unit root tests show that all variables are integrated in order one. This means that the original series are non-stationary. However, the first-differences are stationary. According to Engle and Granger (1987) , if all the variables in the series are integrated in order one, I(1), then it is possible to conduct tests for cointegration. The implication is that it is possible to have a cointegrating vector whose coefficients can directly be interpreted as being in equilibrium in the long-run. Therefore, in the next step, Johansen trace and maximum eigenvalue tests were used to check whether there is a cointegrating relationship.
The results of the trace and maximum eigenvalue tests are reported in Table 3 which shows the number of cointegrating vectors. Note: (i) Model 1 includes intercept (no trend) in cointergration, no intercept or trend in VAR. This is the case where there are no linear trends in the data, and, therefore, the first differenced series have a zero mean. Model 2 includes intercept in cointergration and VAR, no trends in cointergration and VAR. In this case there are no linear trends in the levels of the data, but we allow both specifications to drift around an intercept. Model 3 includes intercept in cointergration and VAR, linear trend in cointergration, no trend in VAR. In this model we include a trend in cointergration as a trend-stationary variable in order to take into account exogenous growth.
(ii) Critical values under 5 % significant levels are given within brackets. Asterisk (*) denotes the first time when the null hypothesis is not rejected for the 5% level of significance.
(iii) SIC-based optimum lag lengths in the VECM are set at two. Since the Trace test is sensitive with regard to the assumption of normality in the residuals, we tested it using Jarque-Bera asymptotic LM normality test. The score is 1.14.
According to Table 3 , we can reject the null hypothesis that no cointegration exists but fails to reject the hypothesis of the existence of more than one stationary linear combinations.
Although the λ trace test statistic provides more than one cointergration vector, λ max test results provide evidence of having only one cointergration relationship 6 . After considering the linear combination of existing cointergration vectors, we obtain the results shown in Table 4 .
These results can be used to interpret the long-term equilibrium relationship among the variables for the period, 1960-2007. -0.190(0.132) Notes: Numbers in parentheses are standard errors of the estimated parameters. Asterisk (*) denotes the significant variables at 5% level of significance. Table 4 shows the long-run association of the elasticities of demand for electricity with respect to GDP, EP, KP and GP. The coefficients presented in Table 4 indicate a long-run equilibrium relationship among the variables. The results indicate that there exists a stable longrun relationship among the variables in the model over the sample period. As expected, the GDP, EP and KP have a significant influence on the demand for electricity. Table 4 In order to appropriately model the dynamic behavior of demand for electricity, we need to incorporate short-run adjustment factors along with the cointegrating equilibrium relationship. This is best done using the error-correction model introduced above. The error correction model provides a generalization of the partial adjustment model and permits the estimation of short-run elasticities. Table 5 shows the estimates of the ECM 7 . Notes: numbers in parentheses are standard errors of the estimated parameters. * denotes the significant variables at 5 % level. Optimum lag length was set using SIC criterion and they are one.
The two most important equations in the error correction model are those containing  ∆KWh and ∆GDP as dependent variables. These models contain significant error-correction terms. This term was obtained from the long-run relationship and expressed deviations in electricity consumption from its long-run mean. This coefficient measures the speed of adjustment in current consumption to the previous disequilibrium demand value. The errorcorrection term in this equation is significant and has a coefficient of -0.12, indicating that when demand is above or below its equilibrium level, consumption adjusts by 12 per cent in the first year. Furthermore, we can see that around 20 per cent of the KWh response to disequilibrium occurs within the immediate period after a shock and around 30 per cent of the domestic production response occurs within this period. The short-run elasticities with respect to EP and KP were approximately -0.16 and 0.10 respectively. The short-run elasticity with respect to LP gas price is very low, but it is significant. The second equation highlights the short-run impact that KWh, GDP, EP KP and GP can have on gross domestic production. Accordingly, the elasticity of demand in relation to the KWh is 0.09. The short run elasticity of income and own price are 0.43 and -0.58 respectively.
However, kerosene oil and LP gas prices in this equation are not significant. Almost all the estimated coefficients in this second equation are significant. The error-correction term is significant and has a coefficient of -0.03. This is a very low value. The coefficients of third and fourth equations in Table 5 can also be interpreted the same way. Since, these two equations are not so important to the analysis they are not discussed in detail.
We can compare these results with that of the published literature in the short and longrun on price and income elasticity of residential demand for elasticity. Our estimation of electricity demand shows that short-run elasticities with respect to income and price of electricity are 0.32 and -0.16 respectively. The short-run income elasticity is greater than price elasticity. Our price and income inelastic results are consistent with other studies. For instance, Donatos and Mergos (1991) ; Barnes and Qian (1992) ; Silk and Joutz (1997) ; Holtedahl and Joutz (2000) ; Reiss and White (2002) report similar inelastic price and income elasticities for electricity demand. Our long-run estimation of demand for electricity shows that long-run elasticities of demand for electricity with respect to income and price of electricity are 0.78 and -0.61 respectively. In the published literature, some studies (cf. Halvorsen, 1975; Dunstan and Schmidt, 1988) show that long-run price elasticity is greater than one, while other studies (cf. Silk and Joutz, 1997; Miller, 2002 ) show values which are less than one. However, our results are consistent with economic theory. In other words, long-run price and income elasticities are greater than short-run price and income elasticities. Furthermore, it is clear from our results that income and price are important determinants of demand for electricity in Sri Lanka.
Conclusions and policy implications
In this study, the demand for electricity in the household sector in Sri Lanka was estimated by applying cointegration and error correction models. Time series macroeconomic data for the household sector for the period, 1960-2007 was used. The results show that electricity demand is price and income inelastic, but quite responsive in the long-run than in the short-run. It can be seen from error correction modeling that both real income and electricity consumption are positively related. The study further reveals that consumers do not adjust immediately to energy price shocks. The error-correction term is significant and has a coefficient of -0.12. This indicates that when demand is above or below its equilibrium level, consumption adjusts by 12 per cent within the first year. Furthermore, the results show that kerosene oil appear to be a substitute for electricity in the long as well as in short-run. However, LP gas has become a substitute only in the short-run, but not in the long-run. In terms of the direct positive relationship between electricity consumption and GDP, it would seem reasonable that higher incomes lead to the purchase of electrical appliances that require more electricity consumption.
As far as the price of electricity is concerned, tariff reforms can potentially play an important role as a demand side management tool in the long-run. The effects of any price revisions on consumption will depend on the price elasticity of demand. The results of the study with reference to the own price elasticity of demand shows that a pricing policy alone will not be effective in managing household electricity demand in the short run. However, the inelastic nature of demand reveals that any increase in price will lead to an increase in revenue of CEB.
This finding provides scope to reduce subsidies and price electricity at equilibrium market prices to restore economic efficiency in the sector.
The approach used by CEB in order to forecast future electricity demand in the country is misleading. In general, electricity distribution expansion plans are at present based by considering only population growth and average current consumption. This approach is unrealistic because as income increases, households will purchase more consumer durables and consume more electricity. This fact is revealed from the income (GDP) elasticity of demand.
The long-run elasticity of demand is 0.78. This means that a one percent increase in GDP will lead to a 0.78 per cent increase in electricity consumption. If economic growth is persistent and if income doubles in next 10-20 years, then an increase in income will result in an 80% increase in the demand for electricity amongst households. Ignoring this component by concentrating only on population growth in electricity supply planning is bound to lead to severe shortages in the future.
